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Objectives: The endovascular management of abdominal aortic aneurysm (AAA) relies on accurate preoperative imaging
for proper patient selection and operative planning. Three-dimensional (3-D) computed tomography (CT) with
reformatted images perpendicular to blood flow has gained popularity as a method of AAA assessment and image-based
planning before endovascular aneurysm repair (EVAR). The current study was undertaken to determine the interobserver
agreement of AAA measurements obtained with axial CT and reformatted 3-D CT and to compare the consistency of the
2 methods in selecting patients for EVAR.
Methods: Eight observers assessed the axial CT and reformatted 3-D CT scans for 5 patients with AAAs to determine
whether the patients were candidates for EVAR. 3-D CT with multiplanar reformatted images was performed by Medical
Media Systems (MMS). Each observer measured the length and diameter of the proximal neck, maximal AAA, aortic
bifurcation, common iliac diameter, and aortic angulation. The proximal neck and common iliac arteries were also
assessed for thrombus, calcification, and tortuosity. Agreement of the measurements on axial CT scans was compared with
those on MMS CT scans by calculating the  statistic. Complete agreement was defined as   1.0. The limits of
agreement between observers were also calculated.
Results: The cumulative interobserver agreement of MMS CT scans (  .81) was greater than for axial CT scans ( 
.59). The  value for each of the diameter measurements was greater with the MMS CT scans. In 79% of cases the
observers’ measurements were less than 2 mm from the mean with MMS CT, compared with 59% for axial CT. The 
value for deciding whether a patient was an endograft candidate on the basis of aortic neck was greater with the MMS CT
(0.92 vs 0.63). The limits of agreement between observers were also better with the MMS CT.
Conclusions: The interobserver agreement in planning EVAR is significantly better with MMS CT compared with
traditional axial CT. The routine use of MMS CT appears justified before EVAR to improve the accuracy and consistency
of patient selection. (J Vasc Surg 2004;40:443-7.)Successful endovascular aortic aneurysm repair (EVAR)
depends largely on accurate patient selection. Beyond the
routine preoperative evaluation, a detailed anatomic assess-
ment of the aneurysm is required to determine whether the
patient is an appropriate candidate for endografting. This
has traditionally been accomplished with axial computed
tomography (CT) with selective use of digital subtraction
angiography.
The ability of axial CT to enable proper patient selec-
tion and endograft sizing has recently been questioned.1-4
Several authors, including ourselves,5 have shown that on
axial CT scans the true diameter of the aorta may be
overestimated.1,6,7 In addition, there is concern that ob-
server variability of axial CT may exceed the limits of clinical
acceptability.2,6-9 Certainly axial CT is adequate in many
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patient selection and preoperative endograft sizing.
At our institution axial CT and digital subtraction
angiography has been replaced with a 3-dimensional refor-
matted CT reconstruction provided by Medial Media Sys-
tems (MMS). The MMS Preview software creates an inter-
active computerized workstation that enables precise
measurements of diameter, angulation, and volume in mul-
tiple planes. Although it appears obvious that aneurysm
measurements and patient selection are more consistent
with MMS CT, there is no evidence that it is any better than
axial CT. This study was undertaken to assess interobserver
agreement and variability of axial CT compared with MMS
CT during preoperative patient selection and endograft
sizing.
METHODS
Five patients with AAAs larger than 4.0 cm were ran-
domly selected from an investigational database. Each pa-
tient underwent axial CT according to a standard protocol.
All scans were obtained with multi-detector spiral CT
(Light Speed Plus; General Electric) with 4 detectors. The
emitter rotation speed was 0.6 seconds per revolution, with
a table speed of 27 mm/s. The detector width was 1.25
mm, with collimation of 5.0 mm. The image, or section,443
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contrast agent was used in each case. The spiral CT data
were processed by MMS to produce a reconstructed 3-di-
mensional model (MMS CT) of the AAA. The post-pro-
cessed data were transferred to a computer disk for each
patient.
Eight observers, all vascular surgeons, assessed the hard
copy axial and MMS CTs for the 5 patients. They per-
formed a detailed anatomic assessment with diameter and
length measurements of the locations shown in Fig 1. The
maximal aneurysm diameter was the greatest diameter from
adventitia to adventitia in any direction. The mean and
range of the aortic diameters for both axial CT and MMS
CT are shown in Table I.
The aortic neck was inspected for calcification, angula-
tion, or presence of mural thrombus. The presence of
calcification and tortuosity of the common iliac arteries was
also noted, and was classified as mild, moderate, or severe.
Each patient was then categorized as either an acceptable or
unacceptable candidate for endografting, on the basis of
aortic neck, right common iliac artery, and left common
iliac artery assessment.
Fig 1. Anatomic features assessed with axial computed tomogra-
phy and Medical Media Systems computed tomography. AAA,
Abdominal aortic aneurysm.
Table I. Aortic measurements
Axial CT MMS CT
Mean
(mm)
Range
(mm)
Mean
(mm)
Range
(mm)
Neck length 21.2 12.2-25.7 23.1 15.9-30
Neck diameter 29.3 22.1-30.1 26.5 19.4-34.2
Maximum diameter 59.6 43.6-86.4 57.4 43.3-78.8
Right CIA diameter 19.2 15.4-23.4 17.8 11-20.2
Left CIA diameter 16.7 14-20.1 15.3 11.3-18.6
Aortic bifurcation 34.3 19.7-54.2 32.4 18.3-50.6
CT, Computed tomography; CIA, common iliac artery.The hard copy axial CT scans were viewed on a radio-
graphic view box (X-Ray Film Illuminator [460D3]; S & S
Products). Measurements were made with digital calipers,
and hand-held magnification was used at the discretion of
the observer. The size of the CT images was 7 cm  7 cm,
and was the same for all 5 patients. The MMS CT was
viewed with Preview-2 software on a standard desktop
computer with a Pentium III processor at 2.4 GHz.
Each observer had received formal training for AAA
assessment with axial CT and with the MMS Preview
software. They also used both axial CT and MMS CT in the
clinical setting. Each observer was blinded to all measure-
ments made by the other observers and to the identification
of the patients included in the study. The observers ran-
domly evaluated the axial CT and MMS CT for an individ-
ual patient at 2 separate settings. In some cases the axial CT
was assessed before the MMS CT, and vice versa.
Interobserver agreement of axial CT was compared
with that of MMS CT. The differences were assessed by
calculating the  statistic between the observers for each
data point and each method.   1.0 indicated complete
agreement. For diameter measurements, a difference of
more than 2.0 mm between observers was considered
significant. To further assess variability, each observer’s
measurements were compared with the mean of the group
for each variable. The mean and standard deviation for each
data point was also calculated. In addition, Bland-Altman
plots10 were performed for neck length, neck diameter,
AAA maximal diameter, and common iliac artery diame-
ters. By this method the limits of agreement (LOA) be-
tween an observer and each of the 7 other observers was
calculated. This generated 146 paired observations for
comparison of each variable assessed.
RESULTS
The overall interobserver agreement () for all data
points combined was 0.81 for axial CT, compared with
0.59 for MMS CT. The  value for the individual variables
is shown in Fig 2. The  value for all 8 diameter measure-
ments was higher with MMS CT compared with axial CT.
In 6 of these cases the  value for MMS CT exceeded that
for axial CT by more than 0.2. The  value for neck length
and right common iliac diameter was similar between the 2
methods. The  value for MMS CT also was higher with
regard to aortic neck calcification, thrombus, and angula-
tion and for iliac calcification and tortuosity, but the differ-
ence was less than 0.2 in each case (Fig 2).
There was good agreement between observers for both
methods when deciding whether a patient was a candidate
for endografting, on the basis of the iliac arteries and neck
angulation. However, on the basis of aortic neck diameter
measurements the  value for axial CT was only 0.63,
compared with 0.92 for MMS CT.
For each observer, each of the diameter measurements
was compared with the mean of the group for that mea-
surement. The difference was less than 2.0 mm between the
observer and the mean in 79% of MMS CT measurements,
versus 59% for axial CT. The difference was 2 to 5 mm in
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Finally, in 4% of cases the difference exceeded 5 mm for
MMS CT, compared with 10% for axial CT. The mean
difference between observers and standard deviation of the
measurements is shown in Table II.
The LOA between each observer compared with the 7
other observers is shown in Table II. For each of the
diameter measurements the LOA between observers for
axial CT exceeded the LOA for MMS CT. There was a poor
LOA and a wide scattering of axial CT measurements. The
LOA for neck length, neck diameter, and maximal AAA
diameter are shown in Fig 3, A to C. Less scatter was seen
with MMS CT.
DISCUSSION
The ability to accurately and consistently select appro-
priate patients is critical to the success of EVAR. Operative
conversion, attachment site endoleak, and graft migration
may occur if patient selection and endograft sizing are
inadequate. Unlike open repair, the AAA anatomy must be
assessed in detail to prevent these complications, and to
Fig 2. Individual  value for each variable assessed w
Systems computed tomography (MMS CT; black). AA
artery; L CIA, left common iliac artery.
Table II. Mean difference and limits of agreement betwee
Mean difference (mm)
Axial CT MMS CT
Neck length 8.8 4.1
Neck diameter 5.8 2.1
Maximum diameter 4.0 2.1
Right CIA diameter 2.8 2.1
Left CIA diameter 3.2 1.7
MMS, Medical Media Systems; CIA, common iliac artery.some degree the size of the endograft must be selected
before the intervention.
Despite several reports1,5,8,9 that highlight the inaccu-
racy of axial CT measurements, in many centers it has
remained the preferred imaging method for AAA assess-
ment. Before the acceptance of EVAR, axial CT was used
primarily to measure maximal AAA diameter and determine
the extent of the AAA in patients undergoing evaluation for
open repair. During the introduction and evolution of
EVAR, axial CT was also relied on for AAA measurements
and patient selection. Even though there was no clear
evidence to support this approach, axial CT was accepted as
the primary imaging study for AAA assessment before
EVAR.
Apart from the inaccuracy of AAA measurements, the
interobserver variability of axial CT has been cited as a
second major limitation. As shown by Lederle et al,6 aneu-
rysm measurements often differ by more than 5 mm be-
tween observers. Aarts et al2 demonstrated that when a
computerized workstation and electronic calipers are used,
interobserver variability of axial CT measurements is not
ial computed tomography (gray) and Medical Media
dominal aortic aneurysm; R CIA, right common iliac
servers
SD ( mm) Limits of agreement (mm)
al CT MMS CT Axial CT MMS CT
.1 3.2 6.3-22.8 2.5-10.5
.8 1.8 5.2-16.2 1.5-5.7
.3 1.6 2.6-10.6 1.2-5.3
.3 1.6 3.3-7.9 3.6-5.8
.9 1.3 2.8-9.2 0.9-4.3ith ax
A, Abn ob
Axi
7
5
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2
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terobserver variability can be reduced when a standardized
measurement protocol is used, but even in this case the
agreement between observers remains poor.8 On the basis
Fig 3. Limits of agreement between observers with axia
computed tomography (MMS CT; black) for aortic neck
aneurysm diameter (C). Dashed lines, Upper and lower lof these reports, there is concern regarding use of axial CT
for obtaining the detailed measurements required for
EVAR; however, the agreement and variability of axial CT
in this setting has not been investigated.
puted tomography (white) and Medical Media Systems
h (A), neck diameter (B), and maximal abdominal aortic
of agreement.l com
lengt
imits
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when axial CT measurements are used to select patients and
endograft size for EVAR. For diameter measurements,
which are viewed as critical to EVAR, agreement (within 2
mm) between observers occurred in fewer than 60% of
cases. In addition, the LOA between observers clearly
exceeded clinically acceptable limits. However, there was
good agreement in qualitative assessment for the presence
of aortic neck calcification, angulation, and thrombus and
of iliac calcification and tortuosity.
Our results demonstrate that interobserver agreement
can be increased and variability can be decreased when
MMS CT is used for AAA diameter measurements. Com-
pared with axial CT, there was agreement between observ-
ers in almost 80% of cases when MMS CT was used. There
was better agreement between observers for each of the
diameter measurements made with MMS CT. The Bland-
Altman plots showed less scattering of the differences be-
tween observers, and the LOA of MMS CT was clearly
superior than with axial CT.
Agreement was also better with MMS CT for qualita-
tive assessments. However, the difference between axial
and MMS CT in these cases was minimal. Most observers
agreed on a gross estimation of whether the vessels were
calcified or contained thrombus. These features were clas-
sified as mild, moderate, or severe; it is possible that a
greater difference between axial CT and MMS CT may
have been observed if a more specific or quantified classifi-
cation system had been used. It was surprising that there
was good agreement with use of axial CT for assessment of
neck angulation and iliac artery tortuosity. Unlike diameter
measurements, MMS CT does not improve observer agree-
ment over axial CT when evaluating these features of AAAs.
On the basis of a combination of diameter measure-
ments and qualitative assessment, agreement between ob-
servers was better when MMS CT was used to decide
whether a patient was a candidate for endografting. Specif-
ically, the observers agreed in 92% of cases that the patient
was or was not a candidate on the basis of MMS CT
evaluation of the neck, versus 62% with axial CT. Although
better agreement was found with MMS CT versus axial CT
for iliac artery assessment, the overall agreement between
the 2 methods was similar.
It may be argued that there is a bias in the current study
against axial CT, because CT workstations and on-screen
calipers were not used for axial CT measurements. The use
of CT workstations may improve observer agreement,2 and
it is likely that less difference between agreement is found
with workstation measurements compared with MMS CT
measurements. However, it is our experience that worksta-
tion measurements are time-consuming and not practical in
a busy clinical practice. In addition, Aarts et al2 reported
that interobserver variability commonly exceeds 2 mm even
when workstations are used. More important, the goal of
our study was to compare MMS CT with the standard of
care for preoperative evaluation. Before use of MMS CT,
axial CT was the standard of care at our institution, and we
suspect that it remains so in many centers.There are 3 obvious limitations to the current study.
First, the measurements made with axial CT and MMS CT
were not verified, and the accuracy of the 2 methods was
not established. However, the goal of the study was only to
compare interobserver agreement between each method.
Second, the sample size of the study raises some concern
regarding extrapolation of the findings to a larger group of
patients. Third, we did not evaluate the outcome of EVAR
on the basis of axial CT versus MMS CT. However, Wyers
et al11 reported excellent results with EVAR based on a
program similar to MMS CT and no preoperative arteriog-
raphy. We believe that MMS CT also improves the consis-
tency of preoperative patient selection and endograft siz-
ing, but recognize that the true utility and clinical
application of MMS CT will not be fully appreciated until
an outcome-based study addresses this question.
CONCLUSION
Interobserver agreement for patient selection and en-
dograft sizing for EVAR is improved when MMS CT rather
than axial CT is used for AAA assessment. We believe that
routine use of MMS CT is justified before EVAR.
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